Driving the green revolution” 
in transportation 


Technology advancements further electrify cars, 
enable new efficiencies j 


Automotive transportation is undergoing a 
revolution, as advanced electronics enable the 


electrifica’ 


n of vehicle engines, as well as 


increasing automation, safety, comfort 


and convenience. 


Аз а result, these changes make the future of driving look very 


ifferent from our 


experiences today. Cities will be filled with self-driven, zero-emission electric vehicles 
(EVs) that communicate among themselves and with roadway infrastructure. 


Cars wil даг passenger 
themselves о parking spaces wih inductive pads 

to сену recharge unti they are summoned 

agan. Trafic intersections and other places where 
саг are forced to stop wil аво have recharging 
pads tor battery top-ups. Vehicles wi be custom- 
designed for their applications and loaded with 
‘communications far occupants fust passengers, no 
divers) to work or entertain themseives. Cars Ike 
thase wil not оу be more comfortable го ride in but 
ий аво be in use a much higher percentage ofthe 
tin than most cars today, using roads and energy 
mare sficiently lora greener urban ervecrment. 


and thea drect 


Advanced electronics enable 
automotive innovations 

Whether or not this ion describes the future 
preciso the fact is that advanced electronics are 
паба many changas in automobiles, beginning 
with the engines themselves. Auto manufacturers 
ала customers айке are increasingly tuming to 
various forms of EVs, hybrid-eocti vehicles 
(HEVs) and electronically assisted combustion 
engines to improve gas mileage and lower 
emissions cost-efectuel 


Eve wil continue growing sim but steady in 
number, approaching 5 percent af sales worldwide 
by 2025, according to market analyst frm IHS 
Automotive. Meanuhila, hybrid combinations of. 
#есїнс апа давое combustion motors in that 
same year wil amount to some 22 millon cars 
about 20 percent of cars sod workivide, НЕМЕ 
are popular because, in addition to reducing 

fual consumption and emissions, they offer 
manufacturers a chance to develop step by 

step the supporting technologies necessary for. 
ectilcation and give consumers time to become 
accustomed to them. Governmental mandates, as 
well as market demand ча determine how rapidly 
this transition moves. 

The changeover to HEVs and EVs, pus more 
limited options such as automatic start/stop 

and regenerative braking, ls mado possible by 
Innovations in electronics, which also serve as 
enablers for new benefits in automotive acne, 
safety comfort, convenience and automation. 
Increasingly, cars rey on integrated ccs (Ca) that 
sense condtons, drive actuators, convert signats, 
communicate among vehicle systems and decide 
What to defen without intervention by the driver 


IC that function in vehicles must operate under 
extreme conditions of voltage, ситет, temperatura 
and vibration, and they must operate reaby to 
keep the equipment and occupants sate. Among 
the foremost supplers ot advanced IC technology 
for automotive systems is Texas instruments (T), 
"which offers a broad portfolio of innovative solutions. 
that enable auo makers to design and buld mare 
eficient, safer and more conferta cars that are 
easier or thelr customers o operate. 


A wide range of electrical/ 
combustion configurations. 


In e market today, a small dedicated group ot 
consumers seek EVs, while a larger minty ie 
‘motivated to buy НЕМЕ due to their decade of 
Success. The great majority of buyers look for new 
electronic features that promote eticiency and 
performance in combustion engines. The tul range 
of thase configurations is summarized in Tabie 1, 
‘which shows the levels of engine assistance and/or 
propulsion and the amount of fuel savings in ordinary 
ving over a standard, baseline car today 
Start/stop and micro-hybrids. To bagı wiih, an 
‘engine сал simply be stopped when idles, then 
restarted to move again, saving a small amount 

‘ol ulin city driving. Adding regenerative braking 
(recuperation) and coasting creatas a тісто пура, 


with a bit mare tuel savings because af the reduction 
In battery recharge demanded trom the engine In 
adition, some safety and convenience automation 
features that are becoming common, such as 
adaptive ease control, save fuel by такпа dring 
‘mare оселі These опт a assistance, though 
scorringy simple, can be quite invoked and require 
siectronic management, Thare ге also weight- 
saving measures such as drive by vire, shift by wire 
and brake by wee that hep reduce tuel consumption 
and prepare the way for greater electrification. Start 
stop, energy regeneration and various other forms 
of electrical assistance wil be introduced into vast 


numbers of cars in upcoming years, increasing 
overal fleet uel aiciencies and preparing car buyers 
for the more extensive innovations of HEVe and EVs, 


Mild hybrids. Further improvements in uel ficiency 
depend on increasing the battery siz. Light electrical 
functions such as the lights and windshield wipers 
are already run directly rom the battery, but heavier 
functions such as pumps must be assisted кот the 
altemator or bat-drven drecty tom tha angine. A 
umber of auto makers ara working o introduce a 
dual-votage elctrcal system that combines а 12. 
battery lor compatisity with existing systems with 

а ABA battery that vill run tha starter/generator, 
supercharger or turbocharger, fu pump, water 
Pimp, cooing fan and other power hungry systems. 
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Figure 1 iists tho types of systems that wall be 
directly powered by a dua-votaga electrical system. 
Those can then be decoupled frm the combustion 
engine о reduce ts load, allowing the engine to 

be downsized 


While ав V reprosents a new standard that wil 
provide up to about 10 kilowatts КА) of power for. 
ding the systams in Figure 1, a higher voltage 

is required to yield up to about 20 KW fr electric 
supar-/turbacharging. in othar саве, the auto 
configuration, a mid hybrid, saves additional fuel 
and increases diva, though it does not provide 
independent electrical propulsion or drive for the 
Vehicle, Mid hybrids are projected to be the fastest- 
growing configuration of those tad in 

Table 1, representing more than һай ofthe 22 milian 
units seling in 2028. 

Full and plug-in hybrids. In a ut hybrid, which 
propels the car electrically with a load of up to 
ВОКА, a battery rated in the hundreds of volt is 
required [possibly supportod by a 48-V battery for 
Compatibilty with systems dasigned to operate 

at his voltage leve). Fuel efficiency depends on 
how long the car drives electrically versus by 
combustion. In the absence of a breakthrough in 


hog ee ein кинришии 


124 supply for traditional 
battery-operated systems. 
48-V supiy for 


power-hungry applications 


battery technology or some way of rapidly replacing 
batterias, fui consumption can ba further reduced 
опу by recharging the battery trom an outside 
source such as a wired connection or inductive 
pad. Plug-in hybrids, the second fastast growing 
contiguration in Table 1, increase tuel ficiency to 
1ке extent that the owner regulary recharges the 
vehicle from a май socket. 

Fully electric vehicles. At the final level, A EVs 
пигыл gas consumption to zera, though they 
lose the fealty of a combustion engine for taking 
longer tips and ойто quickly: Low range and 
long charge times are the greatest drawbacks in 
acceptance of EVs. Although mast of the tine 
people chive their cars for only short distances and 
have plenty of time to recharge overnight, they stil 
want the option of driving across the county for. 

а comparable distanca thal a tank of gas would 
така them, then recharging in Ийе mare time than 
а gas fup requires, The ang: term success of 
zoro errissions vehicles appears to depend on. 
technological advances in battery capacity and fast 
charging cycles, the latier possibly being supplied 
wiclossly by induction colls beneath the car, instead 
of ar in адайоп!о à power cord 


анаар and ADAS. An айога factor 
weighing into fuel savings is automated drivna. 
irc spanking, automatic operation is not an 
НЕМЕ issue and can be introduced in any car. 
However, vehiclas capable о! operation include 
numerous sensing and actuation systems that paralel 
the systems required tor electric engines. Cars can 
зо be designed to operate automaticaly wih 
greater tual eciency han most human divers can 
achieve, especialy in city ding where maintaining 

ж constant а speed as possible а Бо, For thase 
reasons, I seems kal that HEV/EV development for 
auto makers ий be ciselyaned with development 
of advanced driver assistance ystems (ADAS) and 
se crving capable, for reasons of safety as well 
as tuet economy and emissions. 


Technical challenges facing 
development of HEVs and EVs 

For car designers and electronics suppliers, the 
central issue in electing automobiles es in 
dealing with high votages sale. High voltages bring 
тадам requirements tor materials, procasses, 
designs, packages, qualification —the whole gamut 
fC technology. Meeting hese chalenges is 
important not oniy tor retable functioning but also 
or salty in operating the starteri generator, power 
searing, traction canto, battery management, 
bidirectional DC/DC conversion and many other 
‘areas, These systema must be protected against 
overvotages, overcurents, power spikes, signa 
feedback to other systems, electromagnet 

пова rom outside sources and a varity о! other 
destructive or contaminating nfuences. Above all, 
‘here must be по risk whatsoever that people ий be 
exposed to high voltages and currents. 

Aside кол tne IC technology factors aready 
mentioned, зіву depends heaviy on crt 
ошоп. which may be internal to a chip de, 
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between chip dies in a singe package, among IC 
devices that function together, or some combination 
‘of thase. To ensure safety, automotive specications 
al for twice the Isolation required for smple 
lunctioning, Automotiva ICs are manufactured to 
provide this level of protection, known as 

rainorced isolation. 

High voltages in hybrids permit downscaling 

the combustion engine, which reduces ual 
consumption but also reduces the power delivered. 
To compensate forthe smaler engine, the electric 
starter mator needs to dever torque to the engine, 
and the conventional turbo/suparcharger needs to 
be replaced or complemented by an electric опе that 
adds torque during operation. Providing overvatage 
transient protection lor these functions and others 
requees power fld-aftct transistors (FETS) that 

aro characterized for up to 100 V. For propaling the 
‘car and charging it from an extemal source, such 
asa wall socket or induction сой, even higher levels 
of characterization are required, measuring as high 
881,000 V (1 RI to suppor fast charging cycles. 

In some applications, support for extremal high- 
frequency switching is required, too 

Providing FETs capable af achieving these high 
woltages and frequencies is anather challange in 
automotve electronics. Siicon power FETs are 
characterized for voltages high enaugh to handie tha 
loads on traditional 12-V and many loads on 48-V 
batteries, However, a dierent materia is needed 

for characterization approaching and beyond 

100V. Recent advances in galur-nivide (GaN) 
technology make this material an excellent option for 
high-voltage power FETS. Thecreticaly capable of 
switching 1 KV and more at megahertz frequencies, 
GaN is uset not ony in simple ono high-power 
switches but also in lr high-renuency switching 
power зире. 


Managing the batters of HEVe and EVs isa кау 
area for innovative high-voltage technologies. 
Dual-votage systems, combining 12.V and 48 
batteries, need bidrectonal DC/DC conversion, 
lustrate in Figure 2, to both protect the скоку 
and enable unctionaity. Even higher voltages, 
associated with propulsion and extemal charging, 

wil come from larga numbers ot calls connected in 
sarias. Battery management needs advanced control 
rliligonce that can montor charging, discharging 
and recharging with sensing tor temperature, voltage 
‘and current in each call 


Synerpati wih сопи о individual electrical systems 
в communication among them, as wal as with 
vehicle contro systems that are sensing oxtemal 
road conditions and automaticaly managing some 
or ali operation of tho car. Auto makers rely on the 
CAN bus and ather recognized network standards; 
however, ther stil much innovation on the horizon 
in automatve network communications. Car makers 
expect IC supplies to be able о ada to the varying 
corrmunication requitements o diferant car modals. 


Meeting the challenges of 
automotive electronics 


‘The technical requirements for safety ала 
operational integrity using high voltages demand 
innovative technology on the рап of IC suppliers: 
Recognizing the specialized requirements of ts 
automotive customers, TI devotes a large portion 

of ts technology expertise to the development of. 
automotive solutions. The company’s long history of 
involvement as a supple forthe automotive industry 
as resulted in а high levet of expertise in adapting to 
пен demands in vehic electronics, eluding HEV 
ard EVs. Figure З shows the many areas of an 
automobiles electrical system where TI components 
are used. 


‘Concer with safety has ld to the development of 
Бап isolation techniques that enable. for instance, 
the etogration of'high- and low-voltage and high- 
and los recuancy functions in the same package. 
Ralorcad iain is a regular feature of chip dios 
and packages селде for autoreve and industrial 
use, as are higher temperatura, voltage, current and 
‘bration quaificaton. Important amang packaging 
plone are Safet)” packages that meet industry- 
‘standard functional safety requirements for 
automotive appicaons. 
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Fur 3 T arak rd embat processing coles at e heart favor en. 


For sae control o electrical systems, tho TMS570 
Hercules? ine of merocontrolers (MCLE) provides 
dual iockstap CPUs, err correction and sa osi 
Ав vale are C2000" MCUs optimized far high- 
speed, eame motor conto. Other ICs that ara used 
rect nthe power ine in ways that пар promote 
safety include power ewiches, battery management 
and protection, DC/DC converters, delta-sigma 
araiog-to-cigtal converters and many others. 


Process technology advances also continue to push 
sconto perform at higher voltage eels, such as thosa 
ней the new automotive lectrorics: For extremely 
high-vtage, high-frequency power appications, TI 
cers GaN FETs. tel GaN offerings, targeted at 
switching power supplex, are characterized for high 
curents at up to 100 Vand further developments 

are panned. 


In adding new high-voltage systems to their products, 
auto manufacturers are opening new leon and 
they need te lbi to adopt, which s best done by 
leveraging a broad parie o C solers, inctuding 


battery charging and management, voltage conversion 
ard regulation, power divers and other functione in 
the авсїтса system. Tis communications expertise 
ian also provide the feb networking золоте 

thal automakers demand with suppor forthe major 
communications standards used n automotive 
ecttonics today, Racogrizad integration expertise 
also playa a partin helping vehide manutacturers 
reduce the space, weight and connections ol electrical 
‘systems, лег improving eticonces. 


Electrifying transportation 
in the future 


As the revlon in transportation continues, new 
irons аот electronics are сота 
to make cars more tuet-eficent. saler and convenient. 
Electrical asited combustion engines. hybrids at 
various leveles, anc М EVs are all making a change 

in miasione that cut down оп poluton lacy and 
toonhouce gasas globally. Automated dring and 
Evs wil change the operation of vehicles, especialy in 
tios, bringing new businass models that help provide 


low or zero етуззоге and customized transportation 
for lions. Ti plays an important rola in ringing 
‘lectoni te vehicles today, and wil continue to 
help ceive the trand to така automobiles safer, more 
convenient and greener in the fut, 


For more information: 


Learn about Ts products tor hybrids 
iowertran systems 

= Explore Ts Eoctic, Hybrid and Powar Train 

Systems and Rafererce Designs 

+ Read our related whita paper: Smaller and smarter 

motor contre cres HEV/EV markat forward 


* Download infomation оп cic isolation, 
high-voltage, GaN and overcurrent protection, 
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